Culture media were developed for the mass production of conidia of Fusarium coccophilum, isolated from the scale insect Comstockaspis macroporana. Three isolates were cultured on each of PDA, SDAY and water agar, but none of these produced adequate amounts of conidia for application. Using an isolate F-2965, conidial productions on improved media were compared. Among the 13 media tested, conidial production was poor on nutrient rich media, such as PDA, MEA, CMA and Sabouraud's saccharose agar. Medium No. 4, which consisted of peptone, yeast extract and starch, produced the highest conidial yield, followed by medium No. 3 with half starch and medium No. 1 with saccharose substituted for starch. However, media containing starch as the carbon source were highly viscous and difficult to prepare as agar plates. On the other hand, medium No. 1, which contained saccharose instead of starch, was easy to prepare and conidial yield did not significantly differ with medium No. 3. Thus, medium No. 1 was the most practical and had the highest conidial yield among the media tested, with 3.4ϫ10 4 conidia/cm 2 plate.
INTRODUCTION
Comstockaspis macroporana Takagi (Homoptera: Diaspididae) is one of the scale insect pests that attacks many broadleaf forest trees, such as chestnuts and oaks, and trees that are heavily attacked by this insect die. In Fukushima Prefecture, Japan, C. macroporana was found on Quercus serrata and Cercidiphyllum japonicum Sieb. et Zucc. Many of the individuals were found dead or died soon after collection (Arihara, T., personal communication; Saito, N., personal communication), and had red sporodochia of a fungus on their bodies. The fungus was identified as Fusarium coccophilum (Desmazieres) Wollenweber & Reinking by its conidial characters (Shimazu, unpublished) . This fungus, and its teleomorph, Nectria flammea (Tulasne) Dingley, has also been found on other scale insects. The pathogenicity of this fungus to scale insects was sometimes thought to be doubtful (Fisher, 1950; Aoki, 1974) . However, Sato (1986) succeeded in infecting Pseudaulacaspis pentagona with F. coccophilum using a hairbrush, and clarified that failures of infection with this fungus were due to the scales on the host exoskeleton. In the field of Fukushima Pref., F. coccophilum seemed to be dominant, since numerous individuals were dead with red sporodochia on their exoskeletons and the surrounding branches. Consequently, the fungus seemed to have potential as a promising biocontrol agent of C. macroporana.
It is necessary to produce conidia of this fungus on a massive scale to conduct inoculation experiments or to use it in the field. However, when the fungus was cultured on Sabouraud's dextrose agar with 1% yeast extract (SDAY), which is commonly used as a good medium for the culture of various entomopathogenic fungi, it formed abundant mycelia but little conidia. The improvement of culture media suitable to obtain abundant conidia of this fungus has thus been investigated, and a good medium is presented in this study. It is possible to develop better media with further study, but the medium presented here will promote the production of conidia for both laboratory inoculation tests and small-scale field experiments.
MATERIALS AND METHODS
Fungus isolates of F. coccophilum used in the experiment were cultured from C. macroporana on Quercus serrata collected at Aizuwakamatsu, Fukushima Prefecture, Japan, in February 2008. The fungus was isolated by streaking sporodochia formed on the host cadavers onto plates of SDAY and cultured at 25°C for 7 d; obtained colonies were then subcultured. Three isolates, F-2693, F-2695, and F-2696, were isolated from various individual host bodies. The isolates were shaker-cultured in Sabouraud's saccharose broth at 25°C for 5 d and used as inoculum for the experimental cultures.
The media used for the experiment are shown in Table 1 . These media were solidified in sterile plastic Petri dishes (88 mm diameter) after autoclaving for 15 min.
As a preparatory experiment to select an isolate for further comparisons of the media, F-2693, F-2695 and F-2696 were cultured on potato dextrose agar (PDA), SDAY and water agar (WA). One milliliter of the shaker-cultured inoculum was spread on the surface of each agar plate (nϭ3 per isolate for each medium) with a bent glass rod. The inoculated plates were incubated at 25°C under continuous lighting of a fluorescent lamp. After 21 d of incubation, 2 ml of distilled water was added to each plate, and conidia were scraped off with a bent glass rod and suspended in the water. The concentration of conidia in the suspension from each plate was counted using a Fuchus-Rosenthal's hemocytometer, and the number of conidia on each plate was calculated. In order to choose the preferred isolate, the production of conidia from each isolate was ranked within each medium, and the rankings were summed.
Isolate F-2695, which had the highest total ranking of conidial production on the three media, was used for further comparison of media. The media used were Nos. 1-8, corn meal agar (CMA), malt extract agar (MEA), PDA, Sabouraud's saccharose agar (SS) and yeast peptone soluble starch agar (YpSs) ( Table 1 ). These agar plates were inoculated with the shaker-cultured material, incubated at 25°C for 21 d, and the conidia on each plate were counted, as above (nϭ5 for each medium).
RESULTS AND DISCUSSION
The fungus on host insects collected in the field had a mass of conidia in the sporodochia. Conidia were cylindrical, sender falcate or lunate and 94.6-104.0-116.9ϫ4.6-5.5-6.6 mm with five to eight septa. No microconidium was formed. Sporodochia were red, cylindrical, conical, or irregular in shape and 1 to 2 mm in length. These features are consistent with those of Fusarium coccophilum (Aoki, 1974; Terada and Imanishi, 1974) . The teleomorph of F. coccophilum is said to be Nectria flammea (Tulasne) Dingley, but in the case of the present fungus on C. macroporana from Fukushima, Japan, no teleomorph was found on the cadavers.
On the SDAY medium, all of the three isolates used in the preparatory experiment showed fleshcolored colonies, and mycelia of those isolates on SDAY were denser than those on PDA or WA. F-2693 and F-2695 formed a few sporodochia-like Table 2 . The rank sums for the numbers of conidia on each media for each isolate were 6, 5, and 7 for F-2693, F-2695 and F-2696, respectively. F-2695 had the highest rank sums, although its conidial production was not always the best. This isolate was chosen for the experiments to compare media.
When F-2695 was cultured on various media, light pink to light beige mycelia grew during the first 4-6 d, except on CMA where aerial mycelia grew very poorly and appeared mostly transparent. On media Nos. 3 and 4, aerial mycelia of the fungus were rather poor, although sporodochia-like orange spots were present 6 d after inoculation, and conidia had already formed within them. Orange spots also formed on most other media at the end of the culture period, but those on No. 3 and No. 4 were larger in size than those on the other media.
Conidial yield on medium No. 4 was 5.8ϫ 10 4 conidia/cm 2 and was the best, followed by Nos. 3 and 1 on which 4.1ϫ10 4 and 3.4ϫ10 4 conidia/ cm 2 were formed respectively (Fig. 1) . Media Nos. 4 and 3 contained starch and yeast extract. The poorest conidial production was on No. 7, followed by SS and No. 6. Since 14 different media were compared in this experiment, the experiment was conducted in two times. PDA was used in both of the culturing, and conidial yield on PDA in the 2nd culturing is expressed as PDA2 in Fig. 1 . Conidial production of F-2695 on SDAY in the preparatory experiment was 1.2ϫ10 2 conidia/cm 2 ; this yield was in between that of SS and No. 6. The conidial yield on medium No. 4 was significantly higher than on the other media, and there was no significant difference between yields on Nos. 3 and 1 (One way factorial ANOVA, F(13,56)ϭ53.811, pϽ 0.0001; Tukey-Kramer's post-hoc test).
Media Nos. 4 and 3 were suitable for yielding abundant conidia of F. coccophilum. However, those media contained starch as the carbon source and were highly viscous, and thus it was difficult to pour them into a large number of dishes. Conversely, medium No. 1, on which the conidial yield was not significantly different from that on medium No. 3, contained saccharose as the carbon source, and its viscosity and preparation were comparable to normal fungus media, such as SDAY or PDA. The conidial yield on medium No. 4 was about double that on No. 1, and so twice the number of dishes of No. 1, compared to No. 4, would be required to produce the same amount of conidia. Even so, it would be much easier to prepare medium No. 1 than medium No. 4. Therefore, of the media tested, No. 1 is the most suitable for mass production of F. coccophilum conidia after considering yield and labor. Better media might be developed in the future, but enough conidia for laboratory inoculation tests or small-scale field experiments can be produced using medium No. 1 and thus it is thought that the intended object at the beginning was satisfied.
Nevertheless, compared with other entomopathogenic anamorphic fungi, F. coccophilum produces little conidia. A strain of Beauveria bassiana produces 3.5ϫ10 8 conidia/cm 2 on nonwoven fabric band (Shimazu, 2004) (Lee et al., 1996) . Lee et al. (1996) also cultured Metarhizium anisopliae on the same media and obtained 1.2ϫ10 7 -2.2ϫ10 7 conidia/cm 2 . Faizal and Mathai (1996) investigated a strain of aphid pathogenic Fusarium pallidoroseum and obtained 2.9ϫ10 6 -6.5ϫ10 6 conidia/ml of broth. If 10 ml of this medium is placed in a Petri dish which was used in the present experiments, 5.0ϫ10 5 -1.1ϫ10 6 conidia/cm 2 would be yielded. These fungi form conidia directly on their conidiophores but do not form any special conidioma for sporulation, contrarily, conidia of F. coccophilum are mainly formed in sporodochia. So, formation of sporodochia on media is necessary to produce conidia of this fungus, and this causes a difficulty of mass production of this fungus. Aoki (1974) compared the conidial morphology of Fusarium species isolated from scale insects. He described that conidia were obtained from cultures on Sabouraud's dextrose agar, but did not describe any technical difficulty in promoting the formation of conidia. Terada and Imanishi (1974) studied the germination of F. coccophilum conidia, but there was no description of their methods to obtain conidia. Conidial production of F. coccophilum, then, has not been satisfactorily studied. Perhaps the fungal strains used in previous studies could produce enough conidia on conventional media of entomopathogenic fungi, so this topic was not chosen for further study. Or perhaps these studies did not require conidia of this fungus in large quantities. Sato (1986) conducted inoculation experiments on Pseudaulacaspis pentagona (Homoptera: Diaspididae) with F. coccophilum and clarified the pathogenicity of the fungus to the scale insect, but he used naturally infected insect host bodies as conidial sources for inoculation, suggesting that he could not obtain enough conidia for inoculation. Nomura (1901) isolated an ascomycete fungus from Aspidiotus perniciosus and Diaspis sp., which he named Nectria coccophila Nomura and carried out cultural experiments. According to his description, the fungus produced crescent conidia on bread with diluted condensed milk at 19°C for 3-4 d. When more diluted condensed milk was added, the mycelia became more abundant. On bread with broth, the mycelia became vivid scarlet in 6-7 d at 19°C, and when corn meal was substituted for bread, the mycelia were still vivid scarlet but less abundant than on bread. The conidial formation on those media was not mentioned by Nomura (1901) , but he stated that the mycelial growth was poor and crescent conidia were rare on peptone agar. Therefore, the fungus seemed to produce crescent conidia on bread or corn meal with broth, although it was not clear how abundant they were. Aoki (1974) considered that the anamorph of N. coccophila Nomura was identical with Fusarium episphaeria, which was a synonym of F. coccophilum (Snyder and Hansen, 1945) . Terada and Imanishi (1974) identified the parasitic fungus on P. pentagona on tea plants as Nectria flammea and its anamorph as F. coccophilum, and regarded it as the same fungus as N. coccophila of Nomura (1901) . Regardless, a medium that promotes the mass production of conidia of Fusarium species that is parasitic on scale insects has not been developed prior to the present study. The medium No. 1 developed here can produce enough conidia for small-scale field applications.
Conidiogenesis of fungi is the process of switching from vegetative growth to a reproductive phase, and the C/N ratio is one of the important factors for its initiation. Generally, a high N concentration (small C/N ratio) promotes poor spore formation (Latge and Remaudiere, 1976; Yanagita, 1982) . Biotin and thiamin is also important for conidiogenesis (Yanagita, 1982) . On SDAY, F. coccophilum grew very well vegetatively, with the production of aerial mycelia, but conidia sporulation was poor. This medium is plentiful in peptone, which means it is a rich N source. Consequently, it was good for vegetative growth but the fungus could not switch to a reproductive phase. Media Nos. 4 and 3 contain less peptone and their C/N ratios were larger than that of SDAY. Media Nos. 7, 6 and 2, on which the conidial formations were very poor, also contained only small amounts of peptone, but lacked yeast extract. Yeast extract is rich in B complex vitamins (Okamura, 1989) , which means it is rich in biotin and thiamin. Yeast extract and a little peptone might promote conidia formation of F. coccophilum on media Nos. 4 and 3.
As one of examples of microbial pesticide using any Fusarium species, a wettable powder of nonpathogenic F. oxysporum had once been manufactured by Eisai Seikaken Co., Ltd. Nonpathogenic F. oxysporum effectively controlled Fusarium diseases on sweet potato Komada, 1984, 1986) , although its registration as a fungicide expired in 2008. This formulation was consisted of bud-cells and mycelia cultured in liquid media. F. coccophilum also forms hyphal bodies (ϭbud-cells) in shaker-cultures. If those hyphal bodies are equally or more pathogenic to scale insects as conidia and if they have enough longevity in field, they could be formulated as an insecticide. There is no data of pathogenicity and longevity of the hyphal bodies, and further investigation is necessary.
